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VAT 1S COLLEC TV

Many discrete structures
interacting together to form a
whole
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VAT 1S COLLEC TV

Many discrete structures
interacting together to form a

whole
What it means in Heavy lon Physics . .i "
* Nearly all particles behaving the 10 S—— 0
same way o
» A medium is formed that can be o [
described as a locally equilibrated o o
system evolving hydrodynamically - °.‘f :
instead of group of individually ] :

interactions constituents. -
CIPANP 2015 4 May 22,2015
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REASURING COLLEC TV

VWhen many particles are behaving in a similar way, information on
the initial conditions will be carried through the medium evolution
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FEASURING COLLEC TV

VWhen many particles are behaving in a similar way, information on
the initial conditions will be carried through the medium evolution

Measuring Collectivity in Heavy lon Collisions

m e s o final detected
Relativistic Heavy-Ion Collisions particles distributia

pre-
egunlnbruum : e :
ynamics | viscous hydrodynamics free streaming

collision evolution
t~0fm/c T ~1fm/c Tt ~ 10 fm/c t ~ 10'° fm/c

The Collectivity Phase

@IFAINP 2015
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FEASURING COLLEC TV

VWhen many particles are behaving in a similar way, information on
the initial conditions will be carried through the medium evolution

Measuring Collectivity in Heavy lon Collisions

m e s o final detected
Relativistic Heavy-Ion Collisions particles distributia

pre-
egunlnbrnum : e :
ynamics | viscous hydrodynamics _\ free streaming

S colonewton | B N the angular distribution of the
spray of particles, there should be
long range angular correlations.

The Collectivity Phase
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MU | RAL ANISOTROSS

Find the A and the An (the difference in the
azimuth and the pseudorapidity) from each
pair of particles measured from the collision
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MU | RAL ANISOTROSS

Find the A and the An (the difference in the
azimuth and the pseudorapidity) from each
pair of particles measured from the collision

Alice Pb+Pb @ 2.76 TeV Near Side Ridge

3<p, < GeV/c 0-10%
2< p‘T' <2.5GeV/c T

1.1

Physics Letters B 708 (2012) 249-264

jllfi= deector acceptance
must be subtracted out.

CIPANP 2015 9 May 22,2015



MU | RAL ANISOTROSS

Find the A and the An (the difference in the

azimuth and the pseudorapidity) from each
pair of particles measured from the collision

Alice Pb+Pb @ 2.76 TeV Near Side Ridge

3 < pt <4 GeV/c Pb-Pb 2.76 TeV Pb-Pb 2.76 TeV, 0-2% central
I 0-10% 2<p)| <2.5GeVic
2<p;<2.5GeVic T ‘ "’ 1.5 <p} <2 GeVlc
PR preeveTeT . 1.01 ..i ._.: 08 < lAnl <18
LT Fourier > 1005 4
. a % P v
E. 1.05- Transformation © 1|’- ‘ ‘ * _ :c" _. Tootte® '.‘*3-
3 0.995[% f Pk
S 1 > 24 L e
°'99[ L ¢ indt =33.3/35
: it ]t
B 1[¢-¢¢,¢ AN :%”#ﬂ' ¢+”¢¢ M'j
0.998 ’,

6 2 4

Physics Letters B 708 (2012) 249-264

jllfi= deector acceptance

must be subtracted out. peak at An=0
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THE SMOKING GUN OF COLLECTIVITY

VN are Flow Coefficients

dN
s x 1+ nZ::l 2 v, cos(n[d — V¥,)),

v, = (cos(nl[p — ¥,])),n=1,2,3,...

Y is the generalized participant Event Plane
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THE SMOKING GUN OF COLLECTIVITY

VN are Flow Coefficients

v, = (cos(nl[p — ¥,])),n=1,2,3,...

Y is the generalized participant Event Plane

Au+Au @ 200 GeV
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THE SMOKING GUN OF COL

IVITY

VN are Flow Coefficients

o 0. B
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AL CORRELATICHS

d+Au was thought of as the

control test to measure
cold nuclear matter effects.

Yy _.Au
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AL CORRELATICHS

d+Au was thought of as the

control test to measure
cold nuclear matter effects.

IS5m= 60N

An| > 2.75
CIPANP 2015 5 May 22,2015



AL CORRELATICHS

d+Au was thought of as the . <i4e Ridge d+Au @ 200 GeV

control test to measure
cold nuclear matter effects.

45 _.Au
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Al PP COMPARISENS

d+Au 0%-5% Central p*p Minimum Bias

e * The shape of the p+p
M e S 1 distribution is mostly

1.06F (a)®@p,,__:0.2-1.0 GeVic
“+ 104 -0.35<n <0.35

L | Y

- - 3.7<n_"% 3.1, Au-going 1.2 ---¢, -.-C . ,
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o 1.04 3 ; :
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O 1.00F--g 1| TS . JEn.. . x
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40 1 2 3 & - ‘ . ,
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Phys. Rev. Lett. | 14, 192301 (2015) distribution.
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AU MOMENTS

Peripheral d+Au behaves very
much like pFp minimum bias. SR —
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MASS ORD

“RING IN

0.251-

The larger vz of the lighter pion compared to the heavier proton

CIPANP 2015

PHENIX arXiv:1404.7461

ALICE Phys. Lett. B726, 164 (2013)

- 0-5% d+Au @ 200 GeV
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0-20% p+Pb @ 5.02 TeV (b)-

" W pion + # 1 [ pion 1
- @ proton + O proton

- . ——— L] —

.. 99
viscous hydro. o & rI] [=]
o /s = 1.0/(47) T B ® [ i
—pion ALICE:
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051015202530 35 05101520 25 3.0 35
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consistent with hydrodynamic flow calculation.
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SHE+AU HIGH MULTIPLICITY TRIGGER

A high multiplicity
trigger is vital to
obtain enough events
with collectivity.

A 7 times gain in
statistics compared to
typical minimum bias
trigger

CIPANP 2015
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CORRELATION COMPARISON

Au-Going d/*He-Going
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SHE+AU FLOW MOMENTS

oosf O Va2 0-5% d+Au 200GeV PH._ENIX
. ' _roy 3 preliminary
* The vz i1s comparable ® Vz 0-5% He+Au 200GeV
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BT ECTIVITY IN P+P COLLISICHS.

Nearside Ridge: evidence of collectivity?

pp Vs =7 TeV, N> 110

5<p.° <6 GeVic
1<p™ <2GeVic

pp \'s =7 TeV, Nz 110
. °<3 GeV/c
1<p\ <2 GeV/c

CMS Preliminary CMS Preliminary
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PHENIX HIGH MULTIPLICITY P+P TRIGGER

(" on omre Tro 7 PHENIX has taken 350 Million
S, of the rare high multiplicity
p+p events this year using a

u,, /4 active we )‘JN :
7'~ 3/4 active wedges /‘/7 S new FV X based trigger.

~ | 500 rejection power In
conjunction with BBC

VVe are excited toNtE s
observe the p+p ridge that
CMS sees at lower energy!

N ™ (12 < [n| <2.2) = 12

CIPANP 2015 24 May 22,2015



EALCULATIONS OF COLLECTIVISSS

* Inrtial Conditions Models:
- IP-Glasma (based on CGC)
- MC-Glauber (tunable to data)

* Medium Evolution:
- Second Order Relativistic Hydrodynamics with
tunable viscosity: n/s~1

- AMPT (a multi-phase transport model) string-melting
with tunable parton scattering cross section: O

« Kinetic freeze out:
Tunable Temperature

* SuperSONIC uses MC-Glauber, relativistic viscous
hydro as well as pre-equilibrium flow and hadronic
cascade afterburner

CIPANP 2015 25
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MC-Glauber
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v

arXiv:1202.6646
May 22,2015



BOMPARISON BETWEEN SYS TENS
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d+Au and 3He+Au
V2 ~ same magnitude
v2 ptAu << vz
3He/d+Au

d+Au v;3 < SHe+Au v;

0_255 O V,, 0-5% d+Au 200GeV
- ® V,, 0-5% *He+Au 200GeV

0.20f m v, 0-5% *He+Au 200GeV —

0.10

B O] I i
0.05 — ! . l . . I . ]
- i

May 22,2015



UNDERSTANDING THE “HE+AU
MEASUREMENTS

3 Hot Spots
Phys. Rev. Lett. | 13, 112301 (2014) arXiv:1312.4565v2
4l 1=1.00 fm/c  t=1.75 fm/c  t=3.00 fm/ r t=5.00 fm/c
=
2
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c
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S 2
> |
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2 0 2 4 -4 -2 0 4 -2 0 2 4

2 0 2
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-4 .
x coordinate [fm] oordinate [fm]

Inverted triangle

Fxample 3 He+Au event Cooper-Frye Hadronic
using Glauber + Hydro Cascade lemperature; T»=170Mev
27 May 22,2015
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BONMMARY OF CALCULATICINS

= 0.25 i sz cev, o5 conna
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b o | | S— superSONIC w! preflow ( 1/5=0.08)
8 o 2 [ SONIC wio preflow ( 1)/s=0.08)
(&) =L IPGlasma+Hydrodynamics (  1/s=0.12)
c || voessesss Glauber+Hydrodynamics ( 1/s=0.08, l/s=0.04
> 1 AMPT ( a=1.5 mb)
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00 1||1|1|1||||11||||||1|1|||111
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3 3.5
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3He+Au v; and vs is not enough to distinguish between these
models alone, need more control experiments.
CIPANP 2015 28 May 22,2015



SUMMARY

* The idea that small systems collisions are the control test is a faulty assumption in

the most high multiplicity events.

 There Is evidence of collectivity in small systems.

Now the question is how small’

B artiesidtre for PH
- Looking for the ric

-NIX:
ge In High Multiplicity triggered p+p events.

- Look for azimutha
multiplicity trigger.

anisotropy in p+Au events (being taken now) with high

- Finding the pseudorapditly dependence of flow for He+Au using the VTX (|n| <

|.5). Naive assumpti
dependence.

CIPANP 2015

on: asymmetric collision systems should have pseudorapditly
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Questions?
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